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We have developed a method for brain activation detection that employs Markov Random Fields 
(MRF) as spatial smoothing priors necessary due to the low signal-to-noise ratio of the fMRI 
signal. Furthermore, we extended the MRF prior to include anatomical information. The 
anatomical prior, in the form of a segmented MRI scan, biases the activation detection towards the 
gray matter and inhibits smoothing of the activation maps across tissue boundaries. We have 
validated the method on a set of digital phantoms and a set of fMRI scans.  
 
We are currently translating this work into 3D Slicer, an open source medical image analysis and 
visualization package developed and supported by Core2 activity, and are exposing the 
functionality through Slicer’s fMRIEngine module. The fMRIEngine module is designed to 
provide a framework for an extensible suite of activation detection algorithms; it currently 
provides a General Linear Model-based approach with which the MRF and anatomical priors can 
be used. Algorithms have been implemented in C++ as extensions to Kitware’s Visualization 
Toolkit (VTK) classes. A graphical user interface has been developed which allows a user to select 
a parametric map of activation from within the fMRI analysis workflow, to (optionally) load a 
segmented MRI scan and configure anatomical prior probabilities, to choose and configure a 
method for density estimation, and to configure the Meanfield approximation. Resulting color-
coded posterior probabilities of brain activation can be viewed in Slicer’s 3D viewer and compared 
to original parametric brain activation map.  
 
This prototype has been tested on the same datasets as used to validate the algorithms originally 
and has produced identical results. It is currently available to the wider community in the Slicer2.6 
CVS repository but is not yet distributed with the Slicer2.6 release as refinements to the 
embodiment are ongoing. Our plans include incorporating this processing into Slicer tutorials 
provided to the user community, releasing the software with Slicer2.7, moving the implementation 
from VTK to ITK, and releasing the code into the ITK library to make the method available to a 
broader community. 
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